Background: Varicella Zoster Virus (VZV) is consistently in circulation and shows an increase in disease burden during the spring season. Due to a wide range of clinical presentation from a vesicular rash to bleeding or neurological complications, it makes the clinical diagnosis difficult. The present study aims to understand whether the same strain of virus is responsible for the increase in the seasonal outbreaks occurring in different parts of the country with reference to the samples from Maharashtra, Rajasthan and Gujarat states of India. 
Introduction
Varicella Zoster Virus (VZV) is known for causing two highly infectious diseases e Varicella (chickenpox) and Herpes Zoster (Shingles). VZV is a highly contagious agent, and until now humans are the only host of the virus. The infectivity rate of the virus is more than 85e90 % and signifies that VZV spreads with ease amongst the contacts thereby increasing the burden of disease burden (Singh et al., 2011) . The virus mainly sheds from nasopharyngeal secretions, skin vesicular and pustular lesions. Viremia and viruria are prominent features of VZV infection. A constant presence and circulation of VZV in the community along with the increase in a number of cases during the months of January to May were recorded. Spurts of infection are recorded in these months as this period is in tandem with maximum fluctuations in environmental factors like temperature and humidity (Singh et al., 2011 ).
Though Varicella is typically known as a childhood disease, a higher incidence of infection has been noted among young adults in tropical countries like India. The prevalence of VZV in children between the age group of 1e4 years is about 16%
while 5 to 14-year-old children showed 54% and 15e25 years old individuals showed 72 % seroprevalence (Lee, 1998) .
The incubation period of VZV infection usually ranges from 1 to 3 weeks. Maximum contagiosity is observed from 3 days of onset of rash till scabbing (Heininger and Seward, 2006) . Varicella has a varied spectrum of clinical presentations ranging from high-grade fever with vesicular rash, sore throat, cough, diarrhea and bleeding manifestations in severe cases. The disease is usually benign in nature with an overall case fatality of less than 1% (Singh et al., 2011) . Fatality is usually observed in patients with bleeding or respiratory complications, and may often be confused with other viral hemorrhagic fever or respiratory viral infections. There is always the risk of Congenital Varicella Syndrome (CVS) if the antenatal mother is affected with VZV in the third trimester of pregnancy. Congenital Varicella Syndrome presents as scaring lesions (cicatricial) and is associated with the neurological and ophthalmic deficit. Limb shortening and hypotonia are persistent features of CVS (Singh et al., 2011; Gnann, 2002; Ojah et al., 2016; Lee, 1998) .
Based on sequence variations, VZV has been classified into five clades amongst which clades 4 and 5 have been reported from India so far (Schmidt-Chanasit and Sauerbrei, 2011) . Earlier studies indicated that classification of VZV DNA was based on restriction fragment length polymorphism (RFLP) analysis. The RFLP markers usually considered in VZV clade identification, vaccine selection and epidemiological studies constitute polymorphisms of open reading frames (ORF) 38
(PstI), 54 (BglI) and 62 (SmaI) (Schmidt-Chanasit and Sauerbrei, 2011; Loparev et al., 2000; LaRussa et al., 1992; Sauerbrei et al., 2003) . VZV genotyping is usually performed on the basis of sequencing to screen for single nucleotide polymorphisms (SNP) in different ORFs of VZV genome (Faga et al., 2001; Wagenaar et al., 2003) . Loparev analyzed entire sequences of the five VZV glycoprotein (g) genes gH, gI, gL, gB, gE and IE62 gene, performed the combination of ORF 22-based genotyping and analyzed either ORF 21 or ORF 50 to verify the presence of the five confirmed clades E1, E2, J, M1, M2 and the two provisional clades M3 and M4 (Loparev et al., 2004 (Loparev et al., , 2007 . In addition, VZV had been phylogenetically analyzed based on fullgenome sequencing (Peters et al., 2006) and by clustering the strains into the four major clades (Wagenaar et al., 2003) . However, sequence based apporach is not feasible for all clinical specimens to be genotyped, as VZV strains are difficult to propogate in cell cultures and the amount of viral DNA is limited.
In the current study, we have used partial ORF 22 (4 single nucleotide polymorphism sites), partial ORF 38 (PstII restriction digestion site) and partial ORF 54 (BglI restriction digestion site) as defined by Loparev for classification of VZV (Loparev et al., 2009 
Study location
The investigation was initiated in April 2017, due to increase in number of cases in Mumbai district of Maharashtra state. Fifty acute cases (all were males) of clinically suspected Varicella (fever with vesicular rash) were enrolled for investigation. It was hospital-based surveillance of clinically suspected Varicella cases visiting an Infectious Disease Hospital, Mumbai for treatment. The fifty cases which were enrolled in the study were admitted cases and those who had given written informed consent during the said period of investigation.
Clinical samples of suspected VZV referred to ICMR-NIV, Pune from Rajasthan state (Barmer district) and Gujarat state (Gandhi Nagar and Surat districts) were included in the study. The clinical specimens of Rajasthan and Gujarat were referred to ICMR-NIV, Pune being the apex laboratory for testing of Viral Hemorrhagic Fever in India and those samples turned out to be VZV cases. Hence clinical specimens of 17 cases from Gujarat and 12 cases from Rajasthan which were referred were included as they have a different clinical presentation. It was interesting to note that the fatal case from Rajasthan showed hemorrhagic manifestations and nosocomial infections noted among the healthcare workers attending the case. Since an extreme manifestation of disease was observed in the fatal case from Rajasthan state, we selected referred clinical samples from the neighboring state (Gujarat) to understand disease profile in these two states.
Sample collection
Clinical specimens viz. serum, urine, throat swab, vesicle fluid, crust (if present)
were collected from enrolled cases (n ¼ 50) from Mumbai district. Follow up samples were also taken at different post onset day (POD) to see the detection of positivity of VZV by real-time PCR.
Blood sample (3e5 ml) collected by vein puncture taking all aseptic precautions by vein puncture and after clotting serum was stored at À20 C. Throat swab collected using a polyester swab and was immediately transferred to Viral Transport Media. Vesicular fluid from the lesions was collected using a sterile needle and sterile polyester swab. A sterile needle was used to un-roof the top of the vesicle. A sterile swab was then used to swab the base of the lesion applying enough pressure to collect epithelial cells without causing bleeding and collect vesicular fluid. It was necessary to collect infected epithelial cells from the base of the lesion because they usually contain a significant amount of virus. Swabs were then placed individually into separate microfuge tubes to avoid contamination and were kept dry. Crust/swabs, if available was lifted off the skin using a glass slide and transferred directly in microfuge tubes. Urine samples were collected in a screw-capped leak-proof container. All the clinical samples were transported in dry ice to ICMR-NIV, Pune for further investigations.
Data entry and statistical analysis
The patient's clinical data were registered in Microsoft Excel version 2010 and analysis was performed using Epi-info software version 7.2.1.0. Statistical tools used were a mean and standard deviation, proportions and percentages.
Quantitative real-time PCR, PCR, and sequencing
Real-time PCR and PCR was performed on the clinical samples to detect the presence of VZV DNA (Weidmann et al., 2003) . DNA from samples was extracted by using Qiagen complete nucleic acid extraction kit (QiaAmp total nucleic acid extraction kit, Cat No/ID: 52906). The real-time PCR reactions were set up using Invitrogen qPCR kit (Invitrogen, USA; Cat. number: 18080044). The samples found positive by real-time PCR were sequenced for ORF 22, ORF 38, ORF 54 (to identify the clade), ORF 63 (as this is the largest sequence of VZV available from India, Accession number: JN315707.3) and gB protein (the smallest envelope glycoprotein). This also allowed in determining the clustering of sequences from samples.
Sequencing was performed using Big Dye Terminator cycle sequencing technology and ABI3130xl genetic analyzer (Applied Biosystems California, USA).
Primers used for amplification and sequencing of these regions is described in (Tamura et al., 2013) . A phylogenetic tree was generated for the envelope protein gB for a stretch of 2688 bps (region: 57008-59555). Alignment and tree construction was performed using MEGA V6.0 (Tamura et al., 2013) . A phylogenetic tree was created with Maximum Likelihood method using the best substitution model with pair-wise deletion of the missing data. A bootstrap value of 1000 replication was used to generate the phylogenetic tree. An unrooted tree was obtained during the analysis as no out-group was considered during the study. The obtained sequences were also analyzed using the ORF-22 method as described by Loparev (Loparev et al., 2007) .
Results

The clinical profile of acute cases of suspected Varicella (n [ 50) from Infectious Disease Hospital Mumbai
Vesicular rash was found amongst all cases (100%) (Fig. 1) . Common clinical features included high-grade fever (88%, 44/50), headache (52%, 26/50), body ache (58%, 29/50) with malaise and dry cough (36%, 18/50). Other symptoms included nausea (22%, 11/50), vomiting (4%, 2/50) and abdominal pain (4%, 2/50). Thirtyfour cases (68%) were from the age group of 18e25 years signifying delay in age onset presentation of Varicella (though being a childhood disease) ( Table 2 ). History of tobacco chewing (44%, 22/50), alcoholism (10%, 5/50) and smoking (2%, 1/50) were also elicited from patients. One patient had a history of Type 2 Diabetes Mellitus and Tuberculosis. No other immune-compromised conditions were noted. All 50 cases were residing in the slum areas of Mumbai. Forty-one cases (82%) showed positive contact history with a known case of clinically diagnosed chickenpox (friends/room-mates/co-workers) signifying high secondary attack rate amongst Varicella cases. Majority of cases (90%) were working as Jari workers (making aesthetically decorative clothing) and as labor in a gold shop and were migrant from West Bengal and Orissa. None of these 50 cases were immunized previously with Varicella vaccine nor had Varicella in the past, and no case fatality was reported. As the patients were admitted in the isolation ward of the hospital and 
Laboratory findings of VZV cases from Mumbai, Maharashtra state
Vesicular fluids of all 50 suspected VZV samples were tested and found to be positive for VZV by real-time PCR. As per the feasibility of collection and attrition, 22 patients were followed up for the presence of VZV DNA by real-time PCR in serum, urine, throat swab, vesicle fluids, and crust (if available). Fig. 2 depicted VZV positivity of clinical samples by real-time PCR. It was observed that vesicle fluid was persistently positive for real-time PCR till 9th POD, which suggests that vesicle fluid is a perfect clinical specimen for diagnosis of VZV infection. Positivity by real-time PCR at 2nd 3rd and 4th POD was also found in clinical samples like serum, throat swab and urine.
Laboratory findings of VZV cases referred from Rajasthan and Gujarat states
Clinical sample of 35-year-old patient with a history of abdominal pain, fever, nausea, bleeding from nose and rash all over body was referred by civil hospital Barmer district, Rajasthan to civil hospital Jodhpur, Rajasthan [this case was later 
Discussion
The present study focuses on the epidemiological and clinical presentation of VZV cases investigated in Mumbai, Maharashtra state. This study also focuses on the trends of VZV seen in India in three states with different clinical presentations thus making differential clinical diagnosis difficult and critical. The need for the universal use of personal protective equipment by healthcare providers along with Varicella vaccination to prevent the infection amongst the healthcare providers has been highlighted based on observations in the fatal case of Rajasthan state which resulted in secondary infections in 11 healthcare providers including doctors, nurses and paramedical staff (Burgess et al., 1999) . During an outbreak situation, it becomes difficult to manage with the shortage of beds and available healthcare staff. 
Samples showing mutation in sequence in comparison to other circulating sequences.
Adherence to strict hospital infection control guidelines and hand washing becomes important to reduce the nosocomial spread. It is also necessary to understand the immune status of the healthcare workers before allocating them to care for Varicella infected patients. Immunization and antibody titers against VZV should be known before allowing them to work in Varicella wards. Understanding the importance of cohorting (in 2e3 cohorts) Varicella patients so that other general patients will not be infected is necessary (Aitken and Jeffries, 2001) . Varicella is usually seen in winter and spring seasons, but it is interesting to note that there has been a rise in cases even in the months from February to April. Overcrowding and poor ventilation in slums and dwelling places in urban cities specifically increase the secondary attack rate (Heininger and Seward, 2006; Lee, 1998; Verma et al., 2011) . VZV patients are usually treated with Acyclovir a potent antiviral to reduce the complications and hasten the healing of lesions (Wallace et al., 1992) . Our study showed positivity by real-time PCR in follow up of twenty-two clinical samples like serum, throat swab, and urine. Similar findings were reported by Shinji Kido et al., 1991 and Jessica Leung et al., 2010. Usually, cases of VZV are confirmed based on clinical presentations. Molecular detection methodologies are rarely needed for confirmation of VZV diagnosis.
Therefore, only a few studies describing the VZV strain circulation pattern in India are available (Kaushik et al., 2008; Biswas et al., 2011; Chow et al., 2013) . The studies were carried out to understand whether the strains circulating in three different states differed from the vaccine strain (Oka strain, Japan). It was found upon restriction digestion analysis that the Indian strains were BglI þ PstI þ (wild type) as compared to the vaccine-derived Oka strain, which was BglI þ PstI À , thus specifically segregating these strains. Change in position of two nucleotides in the gB protein (Positions 57302: C/A, 57956: T/C) resulted in differential segregation of three sequences (Accession numbers: MF503696, MF503702, and MF503708) into clade 1/3 as observed in Fig. 3 . A detailed sequence-based analysis using a larger number of VZV sequences needs to be done to understand the significance of these nucleotides in the gB protein. This study had demonstrated the circulation of multiple clade (1, 3, 4 and 5) from different clinical samples of VZV cases. The study was based on limited clinical samples from three states and hence the findings could not be generalized to the general populations in the three states.
This study is a step towards identification of new circulating clades (1 and 3) in the Maharashtra, which has not been reported till date.
Universal Immunization Program (UIP) in India does not include the vaccination against Varicella. But the increase in the cases in adulthood with high secondary rate and complications is suggestive of the need of inclusion of Varicella vaccination in UIP schedule. Two doses of Varicella vaccine have more than 85% efficacy in preventing Varicella infection and more than 95% in preventing complications (Heininger and Seward, 2006; Lee, 1998; Verma et al., 2011) . Isolation of 7e10 days for all the cases of Varicella increases the hospital stay and also imposes an economic burden on the patients including loss of wages. Health education activities need to be strengthened to make the population aware of the disease and focus should be on early diagnosis and isolation reducing the secondary attack rate and burden of disease.
In the current study, we sequenced fragments of the VZV genome that had helped in identifying new clades (clade 1 and 3) circulating in Maharashtra state. Results indicate that virus sequences obtained from the majority of the samples, irrespective of the state from which they were obtained, belonged to genotype M1 based on single nucleotide polymorphism analysis while three sequences belonged to genotype M2. Phylogenetic tree based on 16 representative gB glycoprotein sequences showed that the virus strains formed two clusters: 13 sequences in a cluster of clade 4/5 and three sequences in a cluster of clade 1/3 (Fig. 3) .
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